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INTRODUCTION

he result of endodontic treatment is based on many
factors, but the technical quality of root canal filling
is one of the main factors in the success of root canal

treatment.1 Root canal treatment is one of the primary forms
of therapy provided as part of oral health care.2 Many studies
have revealed a low percentage of technically sufficient root
fillings, 45% was recorded by Ahmed et al.3

Different techniques used to control the end result of
root canal treatment are mostly established on radiographic
assessment.4 The outcome of root canal treatment is affected
by the extent of root canal filling compared to the radiographic
apex.5 Less dense and non-homogenous root canal fillings
adversely affect the result of root canal treatment.6 Procedural
faults affect the root canal cleaning and shaping procedure
causing deficient root canal filling, which compromises the
effectiveness of the treatment.7

Several studies have been performed previously to
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OBJECTIVE: The outcome of endodontic treatment is dependent on many factors, but the success of endodontic treatment
depends primarily on the quality of the obturation. The objective of this research was to analyze the standard of obturation and
to recognize the iatrogenic errors on periapical radiographs and also to equate between the caliber of endodontic treatment and
procedural errors executed by male and female house officers.
METHODOLOGY: This was a cross sectional study in which data of 350 treated root canal fillings radiographs along with
their proforma showing demographic variables with the name of house officers who treated the patients were assessed. All 350
periapical radiographs were taken from a single institute Fatima Jinnah Dental College Karachi Pakistan from the year 2014-
2016. All endodontic treatments were performed by house officers using crown down technique by hand instrumentationand
for each tooth, three periapical radiographic images were assessed. Two calibrated investigators assessed the radiographs for
quality and procedural errors. The sample size was calculated using the WHO Calculator and the results were evaluated using
chi-square test. SPSS version 21 was used to analyze the results.
RESULT: Overall 122(35%) of radiographs were up to the acceptable quality as per quality parameters. Gouging and apical
perforations were the most common procedural errors found on periapical radiographs. Overall male house officers have
performed an acceptable degree of obturation. Chi-square analysis was used to assess the results.
CONCLUSION: Gouging and apical perforations were the most common procedural errors found on periapical radiographs.
Overall male house officers have performed better quality of root canal filling in anterior, premolar and molar tooth and overall
122(35%) of radiographs were up to the acceptable quality as per quality parameters.
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determine the quality of root canal treatment such as
Dadresanfar and co-authors determined that the technical
quality  of root canal treatment performed by undergraduate
dental students using step-back preparation and cold lateral
condensation  was adequate in 32.5% of the cases.8 H. Balto
and co-author demonstrated that the technical quality of root
fillings performed by undergraduate dental students were
classified as acceptable in 23% of cases.9 Saeed Muradi and
a co-author reported radiographic quality of root canal
treatment performed by 6th year undergraduate students
were classified as acceptable in 38% of cases in Mashhad,
Iran.10

A review of the treatment quality and frequency of
various procedural errors can guide us to formulate better
educational programs and clinical teaching methods which
will lead to an improvement of the quality of root canal
treatment. Literature shows that few local studies have been
conducted in our population, the most recent ones being by
Fayyaz et al and Ahmed et al.11,3  This gives us a strong
rationale to conduct this study. The purpose of this study
was to evaluate the quality of root canal filling and to identify
the iatrogenic errors on periapical radiographssuch as ledge
formation, furcation perforation, fractured instrument, strip
perforation, apical transportation, apical perforation, gouging,
missed canal and zipping in cases treated by house officers
at Fatima Jinnah Dental College Karachi, Pakistan.
Furthermore, a comparison between the quality of the root
canal treatment and procedural errors performed by male
and female house officers was also made.

METHODOLOGY

In this cross sectional study, we investigated radiographic
records of 350 obturations done by house officers at Fatima
Jinnah Dental College, Karachi, Pakistan between the years
of 2014-2016. An approval from the institutional ethical
review committee was taken (BEH NO. OCT-2016-OPR01).
Inclusion criteria were patients of either sex between the
ages of 18 and 65 years. Three periapical radiographs were
done during the whole treatment. These included the
preoperative, working length and postoperative radiographs.
Exclusion criteria were the cases with missing radiographs
or radiographs that did not allow proper evaluation due to
poor imaging or processing technique and superimposition
of anatomical structures, retreated cases and those where
endodontic treatment was not completed. Sample calculation
was done using WHO Calculator.

All RCTs were carried out by house officers with crown
down technique using hand instrumentation and irrigation
with 2.5% sodium hypochlorite solution. An aseptic technique
with rubber dam isolation was used in all cases. Working

length was established by using digital radiographs
(DIGORA), followed by cleaning and shaping. Root fillings
were performed with the lateral compaction technique using
gutta purcha and calcium hydroxide based sealer
(SEALAPEX). For each tooth, the three periapical
radiographs were assessed: preoperative, working length
confirmation, and postoperative.

Two investigators assessed the immediate post-operative
radiographs separately and evaluated whether the radiographic
quality of root filling was adequate or inadequate. The
standard of root filling length was evaluated radiographically
in relation to the radiographic apex, and density was evaluated
based on the presence of voids. Any observed under extension
and over extension of obturation, presence of voids and
insufficient taper was termed inadequate.  Acceptable quality
was described as appropriate length, adequate density and
taper with the exclusion of iatrogenic errors as categorized
by Khabbaz et al12 as shown in Table 1. Previous studies by
Balto et al9 and Vukadinov et al2 have also used a similar
criteria for judging adequacy of the root filling material and
procedural errors.  Any procedural faults evaluated on the
radiographs were counted as unacceptable root canal fillings
and assessment of radiographs were done according to the
criteria used by Khabbaz et al12 as shown in Table 2. In cases
of disagreement amongst the investigators, a third experienced
investigator was requested to evaluate the radiograph and a
consensus was reached. In cases where multi-rooted teeth
were under evaluation, the overall quality was termed
inadequate if one single canal had unacceptable root filling
or any procedural error was noted in a single canal.

The results were analyzed by using SPSS version 21.0
for windows. Chi-square test was used to statistically analyze
variations between the technical standard and also iatrogenic

JPDA Vol. 28 No. 02 Apr-Jun 2019 56

Radiographic quality of root canal filling performed
by house officers in Karachi, Pakistan.

B) Apical
perforation

C) Underextension of
the root filling material

and missed canals.

A) Underextension of the
root filling material due
to ledge formation seen

in the mesial canals.

E) Underextension of root filling
material due to fractured instrument.

D) Over extension of
root filling material

Aliuddin AM/ Ali JZ/ Sheikh A/ Rashid S/
Ali M/ Abdullah F



mishaps to the tooth type. The significance level was set at
P<0.05.

RESULT

Descriptive statistics were enumerated by using SPSS
version 21. Stratification was done and post stratification
Chi-square test was employed to notice the effect of modifiers
on the result. A p value <0.05 was taken as significant.
The outcome showed that there were 109 male patients and
241 female patients treated by 100 male and 250 female
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The criteria to judge quality of endodontic treatment were as
follows:

Table 1: Criteria to judge root canal filing

Table 3: Radiographic quality of root canal filing
(Male House Officers VS Female House Officers)

The criteria to assess procedural errors were as follows:

Table 2: Criteria to judge procedural errors
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house officers. We found 190 (54%) adequate results among
male and female patients of root canal filling length 68 teeth
out of this were treated by male house officers (36%) and
122 teeth were by female house officers (64%). The second
criteria of root canal filling density was found to be adequate
in 194 (55.4%) among male and female patients, out of
which 63 teeth were treated by male house officers (32%)
and 131 teeth were treated by female house officers (68%).The
third criteria of acceptable root canal filling was root canal
filling taper which was adequate in 221 (63%) of total results.
Out of this 70 teeth were treated by male house officers
(32%) whereas 151 teeth were treated by female house
officers (68%). The comparison of root canal filling done

by male and female house officers is shown in Table 3.
Acceptable root canal filling quality as assessed by three

parameters discussed earlier along with absence of procedural
errors was found to be 34.9% out of which 40% teeth were
treated by male house officers and 60% by female house
officers as shown in Table 3.

Adequate root canal filling lengthwas seen in 47(83.9%)
anterior teeth, 73(61.9%) pre molar teeth and 70(39.8%)
molar teeth. Adequate root canal density was found in
28(50%) anterior teeth, 75(63.6%) in pre molar teeth and
91(51.7%) in molar teeth. Adequate root canal taper was
found 40(71.4%) in anterior teeth, 87(73.7%) in pre molar
teeth and 94(53.4%) in molar teeth. Therefore overall
acceptable root canal filling quality was found in 25(44.6%)
of anterior teeth, 54(45.8%) of premolar teeth and in
43(24.4%) of molar teeth as shown in Table 4.

The different procedural errors identified in the root canal
filling were as follows:
Ledge formation: As a quality assessor it was found 14% in
350 cases. Out of these 51 cases 9 teeth were treated by male
house officers and 42 teeth by female house officers.
Furcation perforation:The procedural error of furcation
perforation was found to be 4.6% out of which 3 cases were
treated by male house officers and 13 by female house
officers.
Fractured instrument: This error was found in5.7% (20) out
of which 5 teeth were treated by male house officers and 15
teeth by female house officers.
Apical perforation:This error was found in 33 %( 116) out
of which 22 teeth were treated by male house officer whereas
94 teethby female house officers.
Apical transportation: This error was found to be 14% (49),
out of which 7 cases were done by male house officer whereas
42 casesby female house officer.
Gouging:This was found in 43% (151) of total cases out of
which 42 teeth were done by male house officer and 109
teeth by female house officers.
Zipping:It was found as a procedural error in 13.4 % (47)
cases out of which 8 teeth were treated by male house officers
whereas 39 teeth were done by female house officers.
No results for strip perforations and missed canals were
recorded during our study since no such data for these
particular procedural errors could be collected. These results
have been shown in Table 3.

DISCUSSION

Our study demonstrates the radiographic evidence of
the nature of root canal fillings and iatrogenic errors executed
by male and female house officers at Fatima Jinnah Dental
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College, Karachi, Pakistan. In most studies, the acceptable
root canal filling is considered to be within 2mm of the
radiographic apex,13,14,15 which was noted in our study as
acceptable root canal filling with an overall percentage of
34.9%. Various studies have shown differing percentages
regarding acceptable root canal fillings such as 76% reported
by Al-Yahya16 39% by Dugas N et al17 55% by Eleftheriadis
G et al18 and 13% by Hayes S et al19 however since all these
studies have had a different rating criteria, it is hard to
establish a true comparison.

In the current study the percentage of acceptable

obturations are similar in the anterior and premolar teeth
when compared to the study by Boucher Y et al, where the
percentage of acceptable root canal fillings is greater in
molars unlike our study.1 This is primarily attributed to the
differing anatomy of the teeth along with lack of experience
of the operators. According to our study, the percentage of
root canal fillings reaching adequate length is 54.3%, this
is lower when compared to Er et al20 and higher when
compared to the study reported by Lupi-Pegurier21 which
have reported 70% and 39% respectively. One of the primary
reasons for this conflict is that house officers perform
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periapical radiographs with a non-parallel technique and
sometimes are unable to judge the length on radiographs.22

Secondly, since the periapical radiographs are two
dimensional, assessing adequate lengths is problematic.
Study by Gordon et al has stated that regular use of an apex
locator followed by a confirmatory radiograph using a
K-file to determine the working length is a good technique
for establishing length of root canals.23

The density of adequate root canal filling in our study
was reported to be 54.3%, which is comparatively lower
than other studies such as Yoldas etal and Sagsen etal which
demonstrated 64% and 92.6% respectively.24,25 No significant
association between the tooth type and density of the root
filling was established in our study. Kirkevang et al
demonstrated that failure of root canal treatment occurs due
to poor density of root canal filling.26 A 5 year follow up
study by Burke et al also concluded that the success rate of
an endodontically treated tooth depends on the length and
quality of the root canal filling.27

The incidence of teeth having adequate taper of the root
canal filling was recorded in our study as 63.1% which when
compared to other studies is relatively lower.14,24,25

A significant relation between tooth type and adequate taper
of obturation was noted in the present study. A study
conducted by Ranya FElemam et al, has reported the increased
percentage of taper of root filling in anteriors (87.5%) and
premolars (81%) whereas lower percentage in molars (54.5%)
owing to the increased incidence of curved roots and narrow
canals.28 Our study shows similar findings with taper being
greater in the anterior (71.4%) and premolar (73.7%) region
and being less in molars (53.4%).  This can be attributed to
the fact that less skilled operators find it difficult to achieve
good taper in molar teeth due to anatomical variations and
the fact that reaching adequate working length in curved
roots is a difficulty faced by many house officers.
Procedural errors are one of the major determinants for long
term success of the endodontically treated tooth. In the
present study ledge formation during root canal treatment
was lower in anterior teeth (3.6%) and premolar teeth (16.1%)
as compared to molars (17%) because molars have a high
prevalence of complex root canal anatomy such as narrow
and curved canals. The percentage of ledge formation in
molars was lower as compared to other studies which reported
a higher percentage of ledge formation like those reported
by Kapalas (52%)29 and Eleftheriadis(39%).18 One of the
primary reasonsfor the low percentage of ledges in the present
study was the use of gates Glidden to straighten the coronal
part of the canal, the use of EDTA in curved canals and pre
curving of the stainless steel file before cleaning and shaping
of curved canals. Apical perforation (33.1%), apical
transportation (14%) and zipping (13.4%) were found to be

as high as compared to other studies15 and there was also
significant association with tooth type. These errors more
commonly occurred in molars because of complex root canal
anatomy and the use of stainless steel files. Several authors
have reported that nickel titanium files cause less
transportation than stainless steel.30,31

In our study, 4.6% furcation perforation occurred in
molars and there was a high percentage of instrument
separation/ fracture noted in molars because preparation of
curved canals in molars was challenging and was performed
by less experienced operators. In the present study gouging
occurred in 43.1% and it was unrelated to the tooth type,
but this variable is measured only on radiographs therefore
it is not very subjective. However, the results are higher
when compared to a study conducted by Hendi SS et al
which showed only 3.2% of cases with gouging.32 The results
of a study conducted by Mukhaimer RH on undergraduate
students were in agreement with the present study with a
4.6% observed cases of perforation.33

The outcome of this study was affected by gender which
is different from other studies.34,9 Out of 350 house officers,
the ratio of male to female house officers was 2:5. There
was a significant difference in acceptable quality of root
canal filling among both genders. Male house officers
performed root canal treatment with better quality (49%) as
compared to female house officers which was found to be
29.2% and similar differences were noted in procedural
errors such as in apical perforation, apical transportation and
zipping. The study also showed gender wise difference in
the quality of root canal among various teeth as indicated in
Table 4 and Table 5 which was found to be 64.7% in premolar
teeth done by male house officers and 38.1% done by female
house officers. The difference in quality was found to be
36.5% done by male house officers and 19.4% by female
house officers performed in molars. This study also revealed
that more root canals were overfilled by female house officers
(53.2%) as compared to male house officers (28.8%). This
study also highlighted that female house officers performed
more apical perforations (55.6% vs. 28.8%) and apical
transportations (26.6% vs.13.5%) in molar teeth as compared
to male house officers (Table 3). This may be due to the fact
that working hours of male house officers were more and in
our set up males attend more educational courses. Male
house officers do more attachments therefore exhibit better
skill due to more practice. Disparity in results can also be
explained by the difference in the number of male and female
house officers being assessed.

One of the limitations of the present study wasthat roots
of all teeth were scored individually and the tooth was taken
as a unit. Errorin one root canal filling in a multi-rooted
tooth was considered as failure of whole tooth. Any such
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faults in single rooted teeth will also be considered inadequate
and result in failure of the endodontic treatment. Certain
errors were not evaluated in this study such as strip perforation
and missed canals etc. because periapical radiograph is two
dimensional and cannot study different angulations.
Acceptable obturations were found to be lower in our study
which was consistent with previous studies. This could be
because of the technique utilized while performing the root
canal treatment. Another reason could be the variability
among supervisor to house officer ratio which is usually less
in our setup.These results could be re-verified by expanding
the study population to other institutes.

Since the prognosis of root canal treatment is a
multifactorial phenomenon, judging only the technical quality
of obturations, as shown on radiographs, should not be used
as the sole determinant of the quality of treatment in general.
While such epidemiological studies are critical for research,
many key elements of root canal treatment are left unresolved.
Efforts to achieve adequate cross infection control, isolation,
chemicomechanical debridement and canal preparation along
with use of appropriate materials and techniques are all
significant components which affect the prognosis of the
treatment.

CONCLUSION

According to our study, procedural errors were more
common in posterior teeth when compared to anterior teeth
due to anatomical variations. Male house officers tend to
have better radiographic obturation quality during endodontic
procedures than female house officers.
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